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Nomenclature 
q electron charge 
V voltage across the junction 
K Boltzmann constant 
ĭ flux of incident illumination 
T temperature (K) 
A Area of the PV cell 
Jph generated photo-current density 
JTe thermionic current density 
Jdif diffusion current density 
ǻ0  Energy bands shift of spin-spitted holes. 
Ehh Energy Band of the heavy hole. 
Elh Energy Band of the light hole. 
2. Theoretical approach 
II-VI Semiconductors crystallize in the cubic structure; Zinc blend structure precisely, also called sphalerite. The 
mesh of this structure is composed of two face-centered cubic lattices, offset by a quarter of the diagonal of the 
cube of the [5]. The lattice parameter depends on the nature of the chemicals put into play crystal lattice is much 
greater than the atomic number of component parts is large. The lattice parameter of an alloy A(1-x)BxC is 
calculated by the Vegard's law given by: 
                                      ܽ஼ௗ௓௡்௘ ൌ ݔܽ௓௡்௘ ൅ ሺͳ െ ݔሻܽ஼ௗ்௘                                                                                 (1) 
The principal of “strained layer” and “critical thickness”. 
2.1.1 The Strain. 
During the epitaxial growth, there is the problem of stresses due to lattice mismatch between the deposited layer 
and the substrate. Epitaxial layers grow out of pseudo morphicinitially before relaxing plastically or elastically. 
Indeed, in a pseudo morphic growth on a standard substrate, the substrate is too thick to be able to deform 
significantly, the mesh layer epitaxial growth therefore complies in the surface plane, them substrateܽȀȀ ൌ
ܽ௦deforms elastically and consequently in the direction perpendicularܽୄclaimed that the lattice parameter of 
the layer is smaller or larger than that of the substrate deformation layer is either an elongation intension "either 
shrinkage" compression layer [6]. For a description of the effect of strain on the band structure we used the 
model and Van Walle and used formalism Krijin [7].Both parallel and perpendicular components of the tensor of 
the deformation can be defined as follows: 
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ࣟצ ൌ
ܽצ െ ܽ
ܽ
 ሺʹሻ 
 
                                                                ࣟୄ ൌ
௔఼ି௔
௔
(3)              
 
For a to tally strained layer: 
ܽצ ൌ ܽ௦௨௕ ሺͶሻ 
 
Ԫୄ ൌ െʹ ൈ
ܥଵଶ
ܥଵଵ
ൈ ࣟצ 
ሺͷሻ 
 
In the absence of stress, the heavy holes band and light hole are degenerated and isotropic in the center of the 
Brillouin zone, and the spin-band holes are located at energyᇞ଴below the two bands. The center of gravity of 
the valence band average energyܧ௏ǡ௠௢௬is there fore
ᇞబ
ଷ
below the top of the valence band at k =0. 
 
ܧ௏ǡ௠௢௬ ൌ
ܧுு ൅ ܧ௅ு ൅ᇞ଴
͵
 ሺ͸ሻ 
ܧுுǣenergy band of the heavy hole. 
ܧ௅ுǣenergy band of the light hole. 
ᇞ଴ǣenergy bands shift of spin-spitted holes. 
 
The strain effect on the valence and conduction bands could be decomposed into two parts: 
x The hydrostatic component, linked to the deformation along the axis of growth, causes a shift 
of the center of gravity of the valence band and the center of gravity of the conduction band. 
x The shear stress, lift the degeneracy of energy states of heavy holes and light hole in k = 0 
(typically a value ᇞ௛௛ି௟௛ of the order of 60-80meV for a lattice mismatch of 1% [7]). 
For an epitaxial layer subject to strain biaxial compression, the hydrostatic component increases the gap between 
the valence band and the conduction band, and the shear stress makes the valence bands strongly anisotropic[7], 
the band higher energy becomes heavy asୄand light accordingצ (HH band). The lower energy band becomes 
lightly asୄand heavy asצ (LH band). Energy shifts of the centers of gravity of the valence band and the 
conduction band K= 0 induced by hydrostatic stress, vary proportionally to the strain [7]: 
οܧ௏ǡ௠௢௬
௛௬ௗ ൌ ܽ௩ሺʹࣟצ ൅ ࣟୄሻ ሺ͹ሻ 
 
οܧ௖
௛௬ௗ ൌ ܽ௖ሺʹࣟצ ൅ ࣟୄሻ ሺͺሻ 
Withܽ௖ܽ݊݀ܽ௩potentials hydrostatic deformation due to the conduction band and the valence band, respectively. 
Energy shift induced by the shear stressing each of the strips forming the valence band are, in the case of a 
growth substrate. [8] 
ᇞ ܧ௛௛௖௜௦௔ ൌ െ
ͳ
ʹ
ൈ ߜܧ௖௜௦௔ ሺͻሻ 
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ᇞ ܧ௟௛௖௜௦௔ ൌ െ
ͳ
ʹ
ᇞ଴൅
ͳ
Ͷ
ߜܧ௖௜௦௔ ൅
ͳ
ʹ
Ǥඨᇞ଴ଶ൅ᇞ଴ ߜܧ௖௜௦௔ ൅
ͻ
Ͷ
ሺߜܧ௖௜௦௔ሻଶ 
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ᇞ ܧ௦௢௖௜௦௔ ൌ െ
ͳ
ʹ
ᇞ଴൅
ͳ
Ͷ
ߜܧ௖௜௦௔ െ
ͳ
ʹ
Ǥඨᇞ଴ଶ൅ᇞ଴ ߜܧ௖௜௦௔ ൅
ͻ
Ͷ
ሺߜܧ௖௜௦௔ሻଶ 
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with: 
ߜܧ௖௜௦௔ǡଵ଴଴ ൌ ʹǤ ܾǤ ሺࣟצ ൅ ࣟୄሻ ሺͳʹሻ 
Where b is the tetragonal deformation potential. 
Taking as reference energyܧ௩ǡ௠௢௬(equation 6), and taking into account equations (7), (8), (9), (10), we can 
define the energy of the top of the valence band and the energy of the bottom of the conduction band. 
ܧ௩: Energy from the top of the valence band is: 
ܧ௩ ൌ ܧ௩ǡ௠௢௬ ൅
ᇞ଴
͵
൅ᇞ ܧ௩ǡ௠௢௬
௛௬ௗ ൅ ݉ܽݔ൫ᇞ ܧ௛௛௖௜௦௔ǡᇞ ܧ௟௛௖௜௦௔൯ 
ሺͳ͵ሻ 
ܧ௖: The energy of the bottom of the conduction band is: 
ܧ௖ ൌ ܧ௩ǡ௠௢௬ ൅
ᇞ଴
͵
൅ ܧ௚ ൅ᇞ ܧ௖
௛௬ௗ ሺͳͶሻ 
In these expressionsܧ௩ǡ௠௢௬, the spin-orbit bursting ᇞ଴and Energy gap are related to the unstrained material. 
From equations (13) and (14) we can determine the equation of strained energy gapܧ௚௖௢௡௧: 
ܧ௚௖௢௡௧ ൌ ܧ௖ െ ܧ௩ ൌ ܧ௚ ൅ᇞ ܧ௖
௛௬ௗ െᇞ ܧ௩ǡ௠௢௬
௛௬ௗ െ ݉ܽݔ൫ᇞ ܧ௛௛௖௜௦௔ǡᇞ ܧ௟௛௖௜௦௔൯ ሺͳͷሻ 
For a layer subjected to a compressive stress of the energy band of heavy holes is directly above the energy band 
of light holes and it has: 
݉ܽݔ൫ᇞ ܧ௛௛௖௜௦௔ǡᇞ ܧ௟௛௖௜௦௔൯ ൌᇞ ܧ௟௛௖௜௦௔                                                               (16) 
So equation (15) becomes for layer compression 
ܧ௚
௖௢௡௧ǡ௖௢௠ ൌ ܧ௚ ൅ᇞ ܧ௖
௛௬ௗ െᇞ ܧ௩ǡ௠௢௬
௛௬ௗ െᇞ ܧ௛௛௖௜௦௔ ሺͳ͹ሻ 
and for a stained layer: 
ܧ௚
௖௢௡௧ǡ௧௘௡ ൌ ܧ௚ ൅ᇞ ܧ௖
௛௬ௗ െᇞ ܧ௩ǡ௠௢௬
௛௬ௗ െᇞ ܧ௟௛௖௜௦௔ ሺͳͺሻ 

Determining the forced energy gap requires knowledge of the unstressedܧ௚and ᇞ଴spin-orbit of the relaxed layer, 
the elastic constantsܥ௜௝of the layer, the hydrostatic deformation potentialsܽ௖andܽ௩; b is the tetragonal 
deformation potential. These parameters are listed in appendix for binary II-VI compounds. In cases where the 
strain layer is a ternaryሺଵି୶ሻ୶, these parameters can be determined by linear interpolation, except for energy, 
୥ and ᇞ଴which are determined by the following expression: 
ܧ஺ሺభషೣሻ஻ೣ஼ ൌ ሺͳ െ ݔሻܧ஺஼ ൅ ݔܧ஻஼ െ ݔሺͳ െ ݔሻܥ஺஼ି஻஼ ሺͳͻሻ 
୅େି୆େis the Boeing constant. 
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2.2 Absorption coefficient 
A photon of E energy is absorbed by the material and induces electronic transitions between different states. 
Thus, for each photon absorbed, a transfer of energy E is the incident light beam directed towards the absorbing 
medium. For a material having a direct gap, absorption is very likely that this electronic transition is associated 
with only two particles: electron -photon. The photon conserves energy during the transition between the valence 
band and the conduction band [9].This interaction between photon and semiconductor leads to an essential 
characteristic of the material in the field of photovoltaics: the absorption coefficient [10].The absorption 
coefficient determines the thickness of a material from which a particular wavelength can penetrate before it is 
absorbed. We classify materials as opaque, translucent and transparent in accordance with their absorption 
capability [11]. In the case of our alloyܥ݀ଵି௫ܼ݊௫ܶ݁the gap is direct type and results in the relation giving Į as a 
function of݄ݒthe form: 
ߙሺ݄ݒሻ ൌ ܣכሺ݄ݒ െ
ܧ௚
ݍ
ሻଵȀଶ ሺʹͲሻ 
where  A : constant ( ʹǤʹ כ ͳͲହ ). 
2.3 Mechanisms of conduction in an illuminated cell  
The solar cells are characterized by their common tension curves under illumination J (V), the latter allows us to 
calculate the maximum power delivered by the solar cell conversion efficiency and 
ܬሺܸሻ ൌ ܬ௉௛ െ ܬௗ௜௙ െ ܬ்௘ ሺʹͳሻ 
with : 
୮୦  : generated photo-current density. 
୘ୣ: thermionic current density. 
ୢ୧୤ : diffusion current density.        
In the photovoltaic cell, there are two opposing currents, the illumination current (photocurrent୮୦) and a diode 
current called dark currentܫ௢௕௦, resulting in polarization of the component. The resulting current I (V) is [12]: 
ܫሺܸሻ ൌ ܫ௢௕௦ሺܸሻ െ ܫ௣௛ 
ሺʹʹሻ 
 
with 
ܫ௢௕௦ሺܸሻ ൌ ܫ௦ ൬݁
ቀ ೜ೇ೙ೖ೅ቁ െ ͳ൰ ሺʹ͵ሻ 
 
ܫ௣௛ ൌ ݍ ൈ ߔ ൤ͳ െ
݁ିఈ௪
ͳ ൅ ߙݓ
൨ ൈ ܣ ሺʹͶሻ 
where: 
q:electron charge (q=ͳǤ͸ͳͲିଵଽ). 
V:voltage across the junction. 
k: Boltzmann constant ( ݇ ൌ ͳǤ͵ͺܺͳͲିଶଷܬǤ ܭିଵ). 
ߔ : flux of incident illumination. 
T: temperature (K). 
A: area of the PV cell. 
ܫ௦  is the saturation current of the diode, n is the ideality factor of the diode, depending on the quality of the 
junction (equal to 1 if the diode is ideal and equal to 2 if the diode is real) .).   
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3. Results and Discussion 
The figure.1 shows the variation of the lattice mismatch as a function of the concentration of zinc. It is observed 
that the lattice mismatch is positive (ߝ ൐ Ͳ), whatever the value of the concentration ofܼ݊, it indicates that a 
tensile stress. We also observe a slight mismatch (ܭ  2) is obtained for the ternary (ܥܼ݀݊ܶ݁) when we apply 
low concentrations of ܼ݊ varying between 0 and 30%. Figure.2 shows the variation of the energy gap of the 
structure ܥ݀ሺଵି௫ሻܼ݊௫ܶ݁ /ܥ݀ܶ݁ depending on the composition of Zn. We noticed that the Gap of heavy holes is 
always higher than its light holes because the ternary stressed extensively. The effect of energy ܧ௉௛ and Zinc on 
the absorption coefficient of ܥ݀ሺଵି௫ሻܼ݊௫ܶ݁Ȁܥ݀ܶ݁ is shown in figure.3. This graph can be divided into three 
parts: In the first part of the curve we have an absorption coefficient equal to zero (ߙ ൌ Ͳ) because the energy 
ܧ௉௛ is less than the band gap energy ofܥ݀ሺଵି௫ሻܼ݊௫ܶ݁, so there is no absorption. In result there is a very fast 
increase of the absorption coefficient because ܧ௉௛is greater than the band gap of this structure. The last part there 
is a saturation of the absorption coefficient with increasingܧ௉௛ because in this case all the electrons of the 
valence band are excited by this high incident energy. It was found that the absorption is highest for a lattice 
mismatching less than 2% which corresponds to a concentration ݔ  30%.The figure.4 represents the variation of 
the characteristic of the current density J voltage (V) of the solar cell according to the concentration ofܼ݊. 
Increasing the concentration of zinc decreases Jcc and open circuit voltage. Thus, for low concentration of ݔǡthe 
current density can reach values around 70 ݉ܣ /ܿ݉ଶ. On figure.5, we plot the evolution of the power function of 
the bias voltage for several concentrations of Zinc. We noticed that the power delivered by the cell decreases 
with increase in the concentration of zinc and is explained by the degradation of the current-voltage 
characteristic. Therefore, the power is maximal for a lattice detuning below 2%. The table.1 shows the effect of 
the concentration of zinc concentration and lattice mismatch on the open circuit voltage, form factor and 
performance. 
 
  
 
 
 
 
 
 
 
Fig. 1variation in lattice mismatches as a function of the concentration of zinc in the ܥ݀ሺଵି௫ሻܼ݊௫ܶ݁Ȁܥ݀ܶ݁ 
. 
 
 
 
 
 
 
 
Fig. 2 variation of the energy band gap for strained structure ܥ݀ሺଵି௫ሻܼ݊௫ܶ݁Ȁܥ݀ܶ݁ versus Zinc concentration (ݔ) 

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Fig. 3 variation of the absorption coefficient of the ܥ݀ሺଵି௫ሻܼ݊௫ܶ݁Ȁܥ݀ܶ݁structure as a function of incident photon energy for various zinc 
concentrations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.4 current-voltage characteristics for several concentrations of Zinc (ݔ). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5power delivered by the cell for several concentrations of Zinc (ݔ). 
 
Table.1 effeciency and fill factor variation with the stress and strain on the basis of the concentration of zinc. 
ݔ(%) ܭ(%) Vco(V) FF(%) ଔ(%) 
0 0 0.26 86 18.99 
5 0.29 0.30 75 16.52 
10 0.5 0.34 65 14.56 
20 1.2 0.43 50 12.89 
30 1.7 0.53 40 9.38 
 

0 1 2 3 4 5 6 7
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
x 105
E (eV)
 D
 (c
m
-1
)
Cd(1-x)ZnxTe/CdTe
 
 
x=0%
x=10%
x=20%
x=30%
x=40%
x=50%
x=60%
x=70%
x=80%
x=90%
x=100%

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
30
35
40
45
50
55
60
65
70
V(volts)
J(
m
A
/c
m
2 )
Cd(1-x)ZnxTe/CdTe
 
 
x=10%
x=20%
x=30%
x=40%
x=50%
x=60%
x=70%
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
5
10
15
20
25
30
35
40
45
50
V(volts)
P
 (m
W
/C
m
2 )
Cd(1-x)ZnxTe/CdTe
 
 
x=10%
x=20%
x=30%
x=40%
x=50%
x=60%
x=70%
x=80%
0 20 40 60
5
10
15
20
Zn (%)
    
   
   
   
    
   
   
   
E
ffi
ci
en
cy
(%
) Cd(1-x)ZnxTe/CdTe
 A. Aissat et al. /  Energy Procedia  36 ( 2013 )  86 – 93 93
4. Conclusion  
In this work, we studied photovoltaic cell based on II-VI semiconductor material by usingܥ݀ଵି௫ܼ݊௫ܶ݁Ȁܥ݀ 
structure. The ternary material ܥ݀ଵି௫ܼ݊௫ܶ݁ crystallizes in the zinc blende structure. Its band structure allows 
vertical radiative transitions between the valence band and the conduction band as it is a material whose Band 
Gap range varies from 1.50-2.26eV. Our study shows that the change in the gap of ܥ݀ଵି௫ܼ݊௫ܶ݁ structure 
increases relatively to the concentration of Zinc. It does not absorb as much of the solar spectrum, but for 
structure with Zinc concentrations ݔ  30%, illumination absorption is maximal. The epitaxial alloy 
ܥ݀ଵି௫ܼ݊௫ܶ݁/ܥ݀ܶ݁ is subjected to tensile strain. The simulation parameters of the solar cell based on the alloy of 
zinc have achieved conversion efficiency equal to 19%. To obtain high efficiency solar cells, there is a tradeoff 
between the strain (İ) and the concentration of Zinc ݔ(%). 
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